Switchgrass (Panicurn virgatum L.) is a warm-season grass native to North America and is considered as a major species of the tall grass prairies. It grows over wide sections of the southern United States. Forage quality of switchgrass is generally considered to be good and it is generally recognized as excellent for grazing. In addition to its forage value, switchgrass is widely used in areas where soil conserving practices are needed.
In spite of wide interest in switchgrass in other sections of the United States, practically no research has been conducted with it in the South. Most of the forage grown for pastures in the South are introduced and tolerate close grazing, but are slow to start growth in the spring. Switchgrass starts growing some 60 days earlier than Bermudagrass or Bahiagrass, which would reduce the wintering period a third to a half. Regrowth following early grazing could be used for hay or frosted grazing. Therefore, this investigation was designed to achieve three major objectives: (1) to establish the response in yield and tiller production of one switchgrass ecotype, 'Pangburn,' to clipping frequency and degree of defoliation; (2) to establish clipping regimes suitable for sustained yields; and (3) to determine the potential of switchgrass for supplementing the existing forage crops of the lower South, primarily Bahiagrass and Bermudagrass, by extending the grazing season in the early spring and late fall.
Literature Review
Switchgrass is recognized as a species of rather wide diversity in growth types, and Eberhart and Newell (1959) concluded that endemic strains collected from native grasslands show heritable variation, which should be useful in a program of varietal improvement. They also reported that its fibrous root system is a desirable characteristic in conservation plantings. The probability of different growth types was also established (Newell and Eberhart, 1961) , as strains from northern and western Nebraska were semidecumbent, relatively fine-stemmed and usually blue-green in color, while those growing in eastern Nebraska and Kansas tended to be taller, erect, coarse-stemmed, and light green in color.
No extensive studies have been completed on the heritability of response to clipping, but seedling vigor and a number of culms per plant were found to be highly heritable (Newell and Eberhart, 1961) .
In a clipping experiment, Baker et al. (1951) reported Nebraska forage yields of 1.03, 1.32, and 1.22 tons per acre annually for early, mid, and late season clippings for a 2.year period. Early cutting reduced stem height and weight of stems as compared to late cutting. The early clipping increased weeds, particularly daisy fleabane (Erigeron ramosus) but produced higher beef gains than did later clippings. Harlan and Ahring (1958) reported clipping 'Caddo' switchgrass two times per year, showing yields for July and October, indicating that multiple harvests were made during the season. However, no reference to stand changes were made.
Switchgrasses frequently differ in morphology, with lowland strains such as 'Pangburn' and 'Kanlow' being tall and coarse as compared to upland varieties such as 'Blackwell,' 'Caddo,' and 'Nebraska 28,' which tend to be shorter and smaller stemmed. It is possible that production management suitable for the different types would also be different (Fig.   1) . Procedure
On March 23, 1964, 1.8-by 6. l-meter plots at the Americus Plant Materials Center were sprigged on 46-cm centers to 'Pangburn' switchgrass. The soil was a Red Bay sandy loam fertilized at the rate of 896 kg/ha of a 4-5.3-9.8 N-P-K mixture. Weeds were controlled and the grass was allowed to grow until March 1965, when the 12 frequency of clipping treatments listed in Tables 1 and 2 were established. Annual fertilization was 224-24.6-93 kg/ha of N-P-K and was applied as NH4NOs, super phosphate, and muriate of potash. Four replications were included in a randomized complete block design. The forage was hand clipped to a stubble height of 15 cm (6 inches) in 1965 and 20 cm (8 inches) in 1966 and 1967. Tiller height was estimated by averaging the clone and measuring the flag leaf at the whorl. For yield determinations, the two center rows of clones were clipped. After each harvest year, the number of living clones per plot and tillers per clone were determined the following May.
Results and Discussions
Yield, Clone and Tiller Adjustments For purposes of presentation, forage yields are divided into production harvested during the growing season and total yields, which included forage harvested after frost (Table 1) .
Clipping treatment number 1, clipped after frost in November but not clipped during the season, produced an average annual yield of 12,626 kg/ha of dry for8ge. The material harvested was extremely stemmy and probably had little value as forage. Clones per plot (5.82 m') averaged 20 for the 3 years, with a high of 22 after the first harvest year and 18 after the third. Treatment 3, clipped each time forage reached 91 cm (36 inches), yielded twice as much as treatment 2. Clones per plot were significantly reduced from 19 to 13 and tillers per clone increased from 37 to 61. In general, the grass in this treatment was approaching infloresence when clipped and regrowth was rather slow. Two major clips per year were harvested plus a small clip in September. Treatments 4 and 5, clipped once at 61 or 91 cm, produced as much or more total forage as treatment 1. They also produced considerable forage during the growing season. No significant difference in clone survival was detected between these treatments and treatment 1 with the single clip after frost. Tillers in treatment 5 were comparable in number per clone to those in treatment 1 but in treatment 4 were significantly lower. Apparently switchgrass will tolerate a single clip at almost any time with no year-to-year reduction in vegetative vigor.
Treatments 6 and 7 were similar, except that 6 was clipped twice at 61 cm while 7 was clipped twice at 91 cm. Forage production was greater on treatment 7. Clipping twice per season reduced clone survival and tillers per clone more than a single clipping (Table 2) .
Treatments 8 and 9 were clipped three times annually and yields were only slightly less than with the two-clipping treatments (Table  1) . Viable clones per plot averaged approximately 15 at the end of the first season and dropped to 12 and 9 at the end of the third season for treatments 8 and 9, respectively. Over the 3-year period, tillers per clone were consistently low, averaging 33 and 36 for treatments 8 and 9, respectively. Higher clonal survival and tillers per clone on the treatment clipped at 61 cm may have been due to a slightly longer period after the last clip, which enables the plant to resupply storage tissues.
Clipping May 15, June 15, and July 15, as in treatment 10, while drastic, is biologically possible. The early clip had a marked detrimental effect on yield, clonal survival, and tiller number. This ecotype, 'Pangburn,' was slow to generate new tillers, and at the second clip many of the growing points of the new tillers were too short to be removed. The second harvest resulted in very little forage. At the third harvest, tillers produced after the first clip were tall enough to be removed, but some tillers initiated after the second clip were not. Consequently, it is possible to utilize switchgrass heavily early in the season if the growing points and regrowth are not removed and later summer growth is allowed to accumulate. Clonal numbers and tillers per clone were significantly reduced by 1968 as compared to treatments 1,3, or 5.
Treatment
11 was similar to treatment 10 but had consistently more tillers per clone. The major problem associated with early clipping was weed contamination later in the season. Under southern conditions, switchgrass started vegetative growth in March, and when first clipped in early May was usually shading the soil. Because of early clipping and the slow regrowth of tillers, weeds, primarily camphor weed (Heterotheca subaxillaris); ragweed (Ambrosia spp.); crabgrass (Digitaria sanguinalis); guineagrass (Panicurn maximum); and crotalaria (Cro talaria spectabalis) grew vigorously. With the fertilization applied in this investigation, weed growth shaded the switchgrass tillers and prevented normal growth after the last clipping on treatments 2, 10, and 11.
To counter the weed problem, treatment 12, which had been originally included as an expansion treatment, was clipped at a stubble height of 61 cm in late May and early August for the last 2 years. While the 2-year data on treatment 12 are not directly comparable with the 3-year data on the first 11 treatments, the stands had the same duration and have some relevance to the study. Clones per plot and tillers per clone are sufficiently high to indicate vigorous plants, while the forage yields averaged 8,248 kg or slightly more than the highest yield of the other treatments. Weed invasion was also reduced.
Management
Spring tiller height as shown in Table 2 is indicative of physiological effect of clipping on tillers: in treatment 1 with no clipping, tillers averaged 86 cm in height when measured on May 14, 1966, and May 22, 1968 ; tillers in treatment 2, by comparison, were less than 50% as high. Tillers in other treatments were intermediate between those of treatments 1 and 2. Treatments 2, 10, and 11 were also low in total yield, showing that intense and frequent defoliation will reduce tiller height the following spring.
This investigation was concerned with only one ecotype of a very widespread and variable species. Different clonal material could differ widely from 'Pangburn' in response to clipping; and the vegetative sensitivity to clipping frequency shown in yield, tillering, and regrowth obtained with 'Pangburn' switchgrass is far different from that recommended for Bermudagrass and Bahiagrass (Ethredge et al., 1973; Stanley et al., 1967) , where weekly clipping to 0 cm at frequencies of 3 weeks or less had little influence on stands. Yield data obtained in this investigation in general show that 'Pangburn' switchgrass is productive under southern conditions. It will tolerate one clipping per year and maintain yield and stands, but continuous clipping at heights of 61 or 91 cm will reduce yields and stands. It appears that switchgrass could be grazed or cut for hay early in the spring provided the regrowth is allowed to mature seed. After frost the forage present can be grazed without injuring yields the following year.
Clipping during the spring or summer will allow weeds to invade switchgrass, but grazing to 61 cm (24 inches) will prevent weed development.
Under southern conditions, grazing switchgrass until Bermudagrass or Bahiagrass gets big enough to graze and cutting for hay after flowering and grazing following frost would appear to have economic possibilities.
Slow tiller growth, when combined with low tiller numbers, allows enough light penetration for dense weed production. Weeds were effective in reducing summer growth of switchgrass, and in the South weed control is essential before weak stands of switchgrass can be regenerated by resting from grazing. Therefore, it appears probable that once a field of switchgrass has been overutilized the most satisfactory solution for renovation is reestablishment.
